Efforts are needed to improve U.S. children's poor diet quality. Our purpose was to examine whether a policy that restricts the availability of snack foods in the schools is associated with greater fruit and vegetable consumption in a nationally representative sample of 5th grade children. Children in schools with restricted snack availability had significantly higher frequency of fruit and vegetable consumption than children in schools without restricted snack availability. Our findings suggest that a restrictive snack policy should be part of a multi-faceted approach to improve children's diet quality.
Introduction
U.S. children have poor dietary quality due to excessive intake of foods that are high in sugar and fats and inadequate intake of fruits, vegetables, and whole grains (1-6). Efforts to increase children's fruit and vegetable consumption and reduce foods with added sugars and fats are needed. The Institute of Medicine's report, Nutrition Standards for Schools: Leading the Way to Healthier Youth, recommends that elementary schools not offer snacks other than fruits and vegetables (7) . Although the report provides evidence that improving dietary quality is important for children, there is little evidence based on practice to guide efforts to improve the school nutrition environment. Our purpose was to examine whether a policy that restricts the availability of snack foods in the schools is associated with greater fruit and vegetable consumption in a nationally representative sample of 5th grade children.
Methods
Data obtained from the Early Childhood Longitudinal Study-Kindergarten cohort included 10,285 5th grade children attending 2065 elementary schools (8) . Children completed a questionnaire about their overall daily consumption of fruits and vegetables based on questions from the Youth Behavior Risk Factor Surveillance System. Evidence of validity of these questions has been reported elsewhere (9) . Specifically, the children were asked ''During the past 7 d, how many times did you eat 1) green salad; 2) carrots; 3) potatoes (do not count French fries, fried potatoes, or potato chips); 4) other vegetables (do not count green salad, potatoes, or carrots); and 5) fruit, such as apples, bananas, oranges, berries, or other fruit (do not count fruit juice)?''
Responses were coded into 2 binary indicators of whether the children reported consuming fruits, green salad, carrots, potatoes, or other vegetables during the past 7 d occasionally (1-3 times per day) or frequently (.3 times per day) compared with rare consumption (,1 time per day).
To measure school policy about restricting snack availability, we used school administrator's self-reports of snack availability at their school. School administrators were asked: ''Can students purchase, either from vending machines, school store, canteen, snack bar, or a la carte items from the cafeteria during school hours: 1) chocolate candy; 2) other kinds of candy; 3) cookies, crackers, cakes, pastries, or other baked goods that are not low fat; 4) ice cream or frozen yogurt that is not low in fat; 5) salty snacks that are not low in fat, such as regular potato chips; 6) low-fat or fat-free ice cream, frozen yogurt, or sherbet; 7) low-fat cookies, crackers, cakes, pastries, or other low-fat baked goods; 8) salty snacks that are low in fat, such as pretzels, baked chips, or other low-fat chips; 9) bread sticks, rolls, bagels, pita bread, or other bread products?'' We interpreted the administrator's report as a statement of policy intent regarding whether availability was restricted (no snack items available) or unrestricted (at least 1 snack item available).
We calculated the frequency of children's consumption of fruits and vegetables at schools with restricted and unrestricted availability of snacks. Multi-level multinomial regression (implemented as 2 logistic regressions in xtlogit, STATA 9.1) (10) was used to determine the magnitude and significance of relationships between restricted and unrestricted availability of snacks at school and the child's consumption of fruits and vegetables, with the school entered into the model as a random effect. P-values , 0.05 were considered significant. We included gender, race/ethnicity, household income, Title 1 eligibility, and presence of 7th or 8th grade as covariates, given that a wider variety of snacks is expected to be available in schools with older grades (11) . We used hierarchical cluster analysis assuming average linkage and a Jaccard measure of similarity to determine whether there were patterns of the type of snacks available at schools. 
Results
Fifty percent of the children were male. Almost 60% of children were white, 18% Hispanic, 11% African American, and 7% Asian. Fifty percent of children lived in households with an income higher than $50,000. Approximately 65% of children attended schools that were Title 1 eligible and 35% attended schools without 7th or 8th grade.
In general, children did not consume the recommended daily intake of fruits and vegetables. Nearly 40% and 61% of the children reported consuming fruits and vegetables, respectively, less than 1 time per day. Only 9% and 16% of the children, respectively, consumed fruits and vegetables more than 3 times per day.
Consumption of fruits and vegetables differed by schools' policies of availability of snacks. Compared with children who attended schools without restricted-snack availability, children who attended schools with restricted-snack availability had ;3 percentage points lower frequency of consumption of fruits and vegetables ( Table 1) . Accounting for clustering by schools, there was a difference of 0.11 and 0.15, respectively, in the times per day of fruit and vegetable consumption (considered as a continuous variable) between the children who attended schools with and without restricted-snack availability.
Snack policy was associated with fruit and vegetable consumption accounting for school clustering (Table 2, model 1) and further accounting for gender and race/ethnicity (model 2). The latter shows a slight attenuation of odds ratios with adjustment. Compared with the children attending schools with restricted-snack availability, children in schools without restricted availability were 10% (P ¼ 0.025) and 3% (P ¼ 0.531), respectively, less likely to report consuming fruits or vegetables occasionally. Furthermore, they were 13% (P ¼ 0.05) less likely to report frequent consumption of fruits and 21% (P ¼ 0.001) less likely to report frequent consumption of vegetables. The inclusion of the other covariates did not result in any further attenuation and there were no interactions with the covariates. Type or number of snacks available did not play a significant role in defining the association between the availability of snacks and consumption of fruits and vegetables and a cluster analysis revealed no meaningful patterns among the type of snacks available (results not shown).
Discussion
The differences in fruit and vegetable consumption between schools with and without restrictive snack policies were modest, which is not surprising given that many personal and environmental factors determine children's fruit and vegetable consumption (12,13). These differences were greater for vegetable consumption. This is expected, because children prefer other foods to vegetables (14, 15) . If other foods are available, many children will select the alternative rather than vegetables. When not available, children appear to consume more vegetables.
This study has several limitations. Cross-sectional associations do not allow us to confer causality but can be an important step in the process of establishing causal relations. Dietary data collected from the children and reports of snack availability at schools are subject to measurement error and bias. Because snack availability and dietary intake were reported by school administrators and children, respectively, it is unlikely that the observed relationships were due to reporting bias. Random error in the reporting of snack availability would have resulted in an attenuation of the relationship with dietary intake.
These findings suggest, consistent with the Institute of Medicine's recommendation, that a restrictive snack policy should be part of a multi-faceted approach to improve children's diet quality, because it will positively affect daily fruit and vegetable consumption of elementary school children. Furthermore, restricting snack availability may avoid displacement of healthier food choices and decrease children's overall fat consumption (16) (17) (18) (19) . Our findings suggest that alternative policy options (e.g. limiting the number or types of snacks available) will not be as effective as restricting their availability for increasing children's fruit and vegetable consumption. 
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